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(57)Abstract: 

PURPOSE: To prevent an internal short-circuit in 
dendrite-shaped lithium deposited in a lithium negative 
electrode at charge time by charging a fine hole of a 
separator with an ion conduction gel electrolyte. 
CONSTITUTION: A microporous polyethylene film 1 is 
processed by a nonionic surface active agent to give a 
hydrophilic property, and a mixed fluid of organic 
electrolyte and ultraviolet hardening resin is applied to 
this film to impregnate it with the mixed fluid. Next by 
ultraviolet irradiation, an ion conductive gel electrolyte 
layer 2 is formed in this film. Here by deforming the film 
by heat at the time of ultraviolet irradiation to prevent a 
hole from being crushed, in order to improve a mold 
releasing property, a glass plate surface coated with a 
fluororesin is closely attached to the film. An ultraviolet 
ray is applied after preventing an influence by oxygen 
and heat. Thus in both surfaces of the polyethylene film 
1, the ion conductive gel electrolyte layer 2 is integrally 
formed. In this way, an internal fine short-circuit, 

generated by inserting dendrite to the hole of a separator, can be prevented, and a cycle 
characteristic can be improved. 
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CLAIMS 



[Claim(s)] 

[Claim l] The organic 

electrolytic-solution lithium secondary 
battery which is a lithium secondary 
battery which sealed the negative 
electrode which uses a lithium or a 
lithium alloy as an active material, the 
positive electrode which uses a metallic 
oxide as an active material, the organic 
electrolytic solution, and a separator in 
the cell container, and is the ion 
conductivity matter with which said 
separator made the porosity thin film the 
frame. 

[Claim 2] Said separator is an organic 
electrolytic-solution lithium secondary 
battery which it is the lithium secondary 
battery which sealed the negative 
electrode which uses a lithium or a 
lithium alloy as an active material, the 
positive electrode which uses a metallic 
oxide as an active material, the organic 
electrolytic solution, and the separator 
made of olefin system porosity resin in 
the cell container, an ion conductivity gel 
electrolyte enters into some or all of a 
hole of a porosity resin thin film, and a 
porosity resin thin film and an ion 
conductivity gel electrolyte layer unify. 
[Claim 3] The organic 

electrolytic-solution lithium secondary 
battery according to claim 2 with which 
an ion conductivity gel electrolyte 
consists of 50 - 80% of the weight of the 



organic electrolytic solution, and 20 - 50% 
of the weight of ultraviolet-rays 
hardening resin. 

[Claim 4] The organic 

electrolytic-solution lithium secondary 
battery characterized by providing the 
separator which made the negative 
electrode which uses a lithium or a 
lithium alloy as an active material, the 
positive electrode which uses a metallic 
oxide as an active material, and the 
separator base material which consists of 
a porosity resin thin film processed with 
the surface active agent and the ion 
conductivity gel electrolyte containing 
lithium salt unify, and the organic 
electrolytic solution. 

[Claim 5] The organic 

electrolytic-solution lithium secondary 
battery according to claim 4 with which 
an ion conductivity gel electrolyte 
consists of 50 - 80% of the weight of the 
organic electrolytic solution, and 20 - 50% 
of the weight of ultraviolet-rays 
hardening resin. 

[Claim 6] It is the organic 
electrolytic- solution lithium secondary 
battery with which it is the lithium 
secondary battery which sealed the 
negative electrode which uses a lithium 
or a lithium alloy as an active material, 
the positive electrode which uses a 
metallic oxide as an active material, the 
organic electrolytic solution, and the 
separator made of olefin system porosity 
resin in the cell container, and the field 
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which said separator has the two-layer 
structure of a porosity resin layer and an 
ion conductivity gel electrolyte layer, and 
touches the negative electrode of a 
separator consists of an ion conductivity 
gel electrolyte layer. 

[Claim 7] The organic 

electrolytic-solution lithium secondary 
battery according to claim 6 with which 
an ion conductivity gel electrolyte 
consists of 50 - 80% of the weight of the 
organic electrolytic solution, and 20 * 50% 
of the weight of ultraviolet* rays 
hardening resin. 

[Claim 8] The mixed liquor of the resin in 
which a polymerization is possible, and 
the organic electrolytic solution 
containing lithium salt is sunk in or 
applied to the microporous separator base 
material processed with the surfactant by 
ultraviolet rays. By irradiating 
ultraviolet rays through the process 
which fills up the hole of a separator base 
material with said mixed liquor, and the 
glass plate which coated the contact 
surface with said mixed liquor with the 
fluororesin, and stiffening said resin The 
manufacturing method of the separator 
for organic electrolytic- solution lithium 
secondary batteries characterized by 
including the process which makes a 
separator base material and an ion 
conductivity gel electrolyte unify. 
[Claim 9] The manufacturing method of 
the sep arator for or ga nic 
electrolytic-solution lithium secondary 



batteries which applies the solution 
which consists of the organic electrolytic 
solution and ultraviolet- rays hardening 
resin, forms a thin film layer, hardens 
ultraviolet-rays hardening resin by 
subsequently irradiating ultraviolet rays, 
and unites an organic 

electrolytic-solution gel layer with a 
separator, or is made into the two-layer 
structure with a separator after 
performing a plasma exposure in the 
ambient atmosphere which contains the 
oxygen of a minute amount in the 
separator made of porosity resin of an 
olefin system and oxidizing the front face 
of a separator. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention 
relates to the separator of this cell in 
detail about the organic 
electrolytic-solution lithium secondary 
battery which uses a lithium or a lithium 
alloy as a negative-electrode active 
material. 
[0002] 

[Description of the Prior Art] A lithium or 
a lithium alloy is used as a 
negative-electrode active material, the 
lithium secondary battery using the 
organic electrolytic solution has a high 
energy density compared with the 
rechargeable battery of a water-solution 
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system, and since the low-temperature 
property is excellent, attention is 
attracted. 

[0003] However, there is a trouble that 
the charge -and -discharge effectiveness of 
a lithium negative electrode is bad, by 
that the activity lithium which deposits 
on a negative electrode by charge reacts 
with the organic solvent which is the 
electrolytic solution, and the thing (R. 
Selim and Bro, J.Electrochem.Soc, 121, 
1457 (1974), etc.) which the lithium 
which an insulating layer is formed and 
does not have electronic conduction 
nature generates in order that the 
depositing lithium may grow in the shape 
of a dendrite and may react with a 
solvent. Moreover, the lithium which 
grew in the shape of a dendrite 
penetrates a separator, there is a trouble 
of generating the internal short circuit of 
a cell, and enough lithium secondary 
batteries are not obtained practical. 
[0004] Generating of a dendrite-like 
lithium has a charging current 
consistency and correlation, from it being 
easy to generate a dendrite-like lithium, 
if a charging current consistency is large, 
generally, with the lithium secondary 
battery, in order to make a charging 
current consistency small, plate area is 
enlarged, a thin plate and a thin 
separator are wound around a curled 
form, and the cell configuration is 
performed. However, since the plate front 
face is not smooth, localization of a 



reaction may take place, and a 
dendrite-like lithium may be generated. 
The dendrite-like lithium generated in 
such a lithium negative electrode 
penetrates the detailed hole of a porosity 
separator with a thin film, and will be in 
an internal short circuit condition. 
Therefore, the engine performance of a 
cell is not only spoiled, but when the 
worst, it may result in generation of heat 
and ignition. 

[0005] In order to solve this problem, 
covering with the insulating member of 
the same thickness as that thickness the 
edge of the positive electrode which 
makes width of face of a positive electrode 
larger than the width of face of a lithium 
negative electrode at JP,3- 129678 A and 
meets the edge of a negative electrode as 
a means to prevent the short circuit from 
the edge of a plate is proposed. Moreover, 
being insolubility and carrying out the 
seal of the perimeter of a positive 
electrode to the electrolytic solution by 
the matter of electric insulation is 
indicated by JP,4~51473,A. 
[0006] since [ however, / that a production 
process becomes complicated by using the 
above-mentioned technique, that the 
restoration capacity of an active material 
becomes small, and since amelioration of 
the adhesion reinforcement of the 
periphery of a positive-electrode plate is 
still more inadequate ] the positive 
electrode in a charge*and*discharge cycle 
there are troubles, like the internal 
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short circuit by omission of a mixture 
cannot be prevented, and neither has 
resulted in sufficient amelioration. 
[0007] furthermore - JP,1-319250,A - a 
positive electrode — a mixture — in order 
to prevent that a particle penetrates a 
separator, applying ionic permeability 
macromolecules, such as poly aery lamide, 
to a separator is indicated. However, if it 
is easy to dissolve in the organic 
electrolytic solution and a macromolecule 
layer is formed in nectar, polyacrylamide 
etc. will serve as high resistance and will 
have an adverse effect on a cell property. 
Moreover, in the cell of a configuration of 
winding a group of electrode around 
JP,2- 16265 1,A, really forming a 
solid-state polyelectrolyte film on a plate 
for the purpose of reducing the defect at 
the time of a configuration is indicated. 
However, there is a problem in respect of 
reactivity with the lithium and lithium 
alloy which are the active material of a 
solid-state polyelectrolyte film, a 
mechanical strength, etc. Although using 
for a U.S. Pat. No. 5,281,491 number 
official report as a separator the 
multilayer micro porous film with which 
physical properties differ is indicated, it 
becomes complicated on a cell 
configuration and a process. 
[0008] On the other hand, in a polymer 
electrolyte, ion conductivity can be 
improved now by leaps and bounds by 
considering as the gel electrolyte which 
made the organic electrolytic solution 



contain as a plasticizer as indicated by 
JP,2-291673,Aetc 7 for example. 
[0009] Moreover, in order to reinforce the 
mechanical strength of a polymer 
electrolyte, compound -izing a polymer 
electrolyte and a separator is also known. 
(For example, JP,4 36959,A, an 
announcement patent official report 
common No. 500880 [ five to ] official 
report, etc.) 

However, since a "crevice" is generated in 
an interface when [ which the interface of 
a polymer electrolyte does not fully join to 
forward and a negative electrode ] a 
polymer electrolyte is used, and 
expansion contraction of forward and a 
negative-electrode plate occurs especially 
by charge and discharge, there is a 
problem that a smooth 
charge-and-discharge reaction does not 
advance. 
[0010] 

[Problem(s) to be Solved by the 
Invention] Thus, it has various troubles 
also in the above-mentioned technique, 
and although it can be prevented that it 
will be in an internal short circuit 
condition by the dendrite, it has not 
resulted [ from the point that using by 
the ion conductivity gel electrolyte layer 
independent has a weak mechanical 
strength, and it is inadequate etc. ] in 
utilization. [ of dependability or the ion 
conductivity in low temperature ] 
[00 11] This invention solves such a 
trouble and it prevents the dendrite*like 
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lithium generated in a lithium negative 
electrode penetrating a separator, and a 
cell being in an internal short circuit 
condition, and it is safe and aims at 
offering a reliable rechargeable battery. 
[0012] 

[Means for Solving the Problem] In order 
to solve these technical problems, the 
organic electrolytic -solution lithium 
secondary battery of this invention unites 
the olefin system porosity resin film and 
an ion conductivity gel electrolyte with a 
separator especially using the ion 
conductivity matter which made the 
porosity thin film the frame in the cell 
which sealed the negative electrode 
which uses a lithium or a lithium alloy as 
an active material, the positive electrode 
which uses a metallic oxide as an active 
material, the organic electrolytic solution, 
and a separator in the cell container. A 
separator is the two-layer structure of a 
porosity resin layer and an ion 
conductivity gel electrolyte layer, and 
may use as an ion conductivity gel 
electrolyte layer the field which touches 
the negative electrode of a separator. 
[0013] moreover, the micro of the 
separator base material which processes 
with a surfactant and has a hydrophilic 
property — a porous hole is buried with 
an ion conductivity gel electrolyte, and it 
may be unified. 

[0014] Moreover, the manufacturing 
method of the separator of this invention 
sinks in or applies the mixed liquor of the 



resin in which a polymerization is 
possible, and the organic electrolytic 
solution containing lithium salt to the 
separator base material processed with 
the surfactant by ultraviolet rays. By 
irradiating ultraviolet rays through the 
process which fills up the hole of a 
separator base material with said mixed 
liquor, and the glass plate which coated 
the contact surface with said mixed 
liquor with the fluororesin, and stiffening 
said resin It is characterized by including 
the process which makes a separator base 
material and an ion conductivity gel solid 
electrolyte unify. 

[0015] The thing of structure which has 
an acrylate radical as a resin ingredient 
for gelation at the end of the polyethylene 
oxide frame which expands or is hard to 
dissolve in the organic electrolytic 
solution, and a polyolefine frame is 
desirable. Impregnation or the thin 
separator with which it applied, 
ultraviolet rays were irradiated, and the 
separator base material and the ion 
conductivity gel electrolyte layer unified 
resin a polymerization and by making it 
harden can be obtained at homogeneity to 
the hydrophilic separator base material 
which processed with the surfactant the 
solution which mixed the monomer and 
oligomer in which a polymerization is 
possible, a photopolymerization initiator, 
and the organic electrolytic solution by 
ultraviolet rays. 

[0016] In order to form a film 100 



-6- 



JP07-220761A 



micrometers or less with ultraviolet-rays 
hardening resin, it is important to 
remove thermal effect so that the hole of 
the separator base material of removing 
the effect of the oxygen which acts as 
polymerization inhibitor, and the product 
made of thermoplastics, such as 
polyethylene, may deform with the heat 
at the time of UV irradiation and may not 
be blockaded. Therefore, it is good to 
irradiate ultraviolet rays through the 
glass plate which coated the contact 
surface with. liquid with the fluororesin, 
and to stiffen resin. 

[0017] When the hydrophobic separator 
base material which is not processed with 
a surfactant is used, since a separator 
base material crawls an ion conductivity 
gel electrolytic solution, impregnation 
cannot fully be carried out to a hole, but 
when the wettability good hydrophilic 
separator base material processed with 
the surfactant is used, an ion 
conductivity gel electrolytic solution can 
enter into the hole of a separator base 
material, can be thoroughly filled up with 
a hole, and can cover both sides of a 
separator base material further. 
[0018] 

[Function] Since the internal short circuit 
by a lithium dendrite penetrating the 
hole of a separator and reaching a 
positive electrode by filling up with the 
detailed hole of a separator base material 
with an ion conductivity gel electrolyte, 
and using the unified thin separator can 



be prevented, it becomes possible to offer 
the lithium secondary battery excellent in 
safety and dependability. 
[0019] 

[Example] Hereafter, the example of this 
invention is explained, referring to 
drawing. 

[0020] As a separator base material, the 
microporous polyethylene film (Celgard, 
K878) with 0.27 micrometers of apertures, 
a% [ of void contents ] of 60, and a 
thickness of 20*22 micrometers was used. 
[0021] On the other hand, what mixed 
the organic electrolytic solution and 
ultraviolet-rays hardening resin by the 
weight ratio 80^20 is used for an ion 
conductivity gel electrolyte layer. The 
organic electrolytic solution dissolves 
lithium perchlorate LiC104 in the mixed 
solvent which mixed propylene carbonate 
and ethylene carbonate at a rate of a 
volume ratio 50^50 one mol / dm3 as an 
electrolyte, the monomer which 
ultraviolet-rays hardening resin makes a 
frame the oligomer of an aliphatic series 
polyether system, and polyethylene oxide, 
and has an aery late radical to ends — the 
rate of the weight ratio 50^50 - mixing — 
further - a photopolymerization initiator 
- 1.0wt(s)% " it adds. And after 
processing the above-mentioned 
polyethylene film by the polyethylene 
glycol alkyl ether of the Nonion system 
surface active agent and giving a 
hydrophilic property enough, it applied 
and impregnation of the aforementioned 
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mixed liquor was carried out to this film 
so that it might be set to 2 cm 2.5microl. /. 
Next, although ultraviolet rays are made 
to irradiate and an ion conductivity gel 
electrolyte layer is made to form, in case 
a thin ultraviolet-rays hardening resin 
coat is formed, oxygen acts as 
polymerization inhibitor. Moreover, a film 
deforms with the heat by UV irradiation, 
and there are troubles, like a hole is 
crushed. Then, ultraviolet rays were 
irradiated, after sticking the glass plate 
which coated the contact surface with 
liquid with the fluororesin in order to 
improve a mold-release characteristic on 
the film which carried out impregnation 
and preventing the effect of oxygen and 
heat. Thus, the ion conductivity gel 
electrolyte 2 was made to unite with both 
sides of a polyethylene film 1, as shown in 
drawing 1 . 

[0022] And the separator with a 
thickness of 40 micrometers it is thin 
from a polyethylene film and the ion 
conductivity electrolyte layer which 
closed the hole was created. This 
separator is set to a. 
[0023] Moreover, the fine porous 
membrane separator (Celgard, 2400) of 
38% of void contents which have the 
ellipse hole of the thickness of 25 
micrometers made from polypropylene, 
the major axis of 0.125 micrometers, and 
0.05 micrometers of minor axes is used as 
a separator base material. By processing 
this for 5 minutes using plasma 



irradiation equipment (the product made 
from a Japanese vacuum, EP4759) under 
an air ambient atmosphere with a degree 
of vacuum of 200Pa or less, the separator 
was oxidized and it improved lyophilic. 
And this separator base material and 
said ion conductivity gel electrolyte were 
made to unify like Separator a, and the 
separator with a thickness of 45 
micrometers was created. This separator 
is set to b. 

[0024] Moreover, using the thickness of 
25 micrometers made from polyethylene, 
the 0.03 micrometers of the maximum 
apertures, and the fine porous membrane 
separator (Tonen Chemical make) of 38% 
of void contents as a separator base 
material, by carrying out plasma 
exposure processing by the same 
approach as Separator b, the separator 
front face was oxidized and it improved 
lyophilic. And as shown in drawing 2 , the 
gel electrolyte layer was prepared only in 
one side of a separator, ultraviolet curing 
processing was performed, and the 
two -layer structure of a separator and an 
ion conductivity gel electrolyte was 
formed. The thickness of the separator in 
which this gel electrolyte layer was 
formed was about 30 micrometers. This 
separator is set to c. 
[0025] Next, the separator using only 
microporous polyethylene as an example 
of a comparison is set to d. Next, coin 
mold lithium secondary batteries A, B, C, 
and D like drawing 3 were constituted 
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using respectively the separators a, b, 
and c by above 'mentioned this invention, 
and the separator d of the example of a 
comparison, and the engine performance 
was compared. 

[0026] In drawing 3 , 3 is a positive 
electrode, mixes the 
polytetrafluoroethylene resin of the 
manganese dioxide of positive active 
material, the carbon of electric 
conduction material, and a binder 
calcinated at 400 degrees C at a rate of 
the weight ratio 90-5:5, and casts it to a 
disk with a diameter of 14.2mm. 4 is a 
case made from stainless steel, and 5 is a 
separator. As for the metal lithium of a 
negative •electrode active material, and 7, 
6 is [ the obturation plate made from 
stainless steel and 8 ] the gaskets made 
from polypropylene. The electrolytic 
solution dissolves lithium perchlorate in 
the mixed solvent which mixed propylene 
carbonate and 1 and 2 -dime thoxy ethane 
at a rate of a volume ratio 50*50 one mol / 
dm3. 

[0027] About the above-mentioned cells A, 
B, C, and D, 1.8mA of charging currents, 
and quantity of electricity the constant 
current and the constant charge and 
discharge test of quantity of electricity 
5.4mAh (upper limit 
electrical-potential-difiference 3.8V, 
minimum electrical-potential-difference 
2.0V) were performed, and the result was 
shown in drawing 4 . 
[0028] The cells A, B, and C of this 



invention are all understood that a 
charge*and"discharge cycle property is 
better than the cell D of the example of a 
comparison. Since the hole of a separator 
base material was thoroughly buried to 
homogeneity with the ion conductivity gel 
electrolyte by using the wettability good 
lyophilic separator base material 
especially processed with the surfactant, 
the internal very small short circuit by a 
dendrite penetrating the hole of a 
separator can be prevented, and it is 
thought that the cycle property of Cell A 
became the best. 

[0029] Moreover, also in Cells B and C, 
since the cycle property was greatly 
improved from Cell D, degradation of the 
cell by the internal very small short 
circuit was able to be prevented by filling 
up the hole of a separator base material 
with an ion conductivity gel electrolyte by 
plasma exposure. 

[0030] Next, the rate of a compounding 
ratio of the organic electrolytic solution of 
a gel electrolyte and ultraviolet-rays 
hardening resin which were used for this 
example was changed, and the result of 
having measured 25*degree C ionic 
conductivity was shown in drawing 5 . 
However, at 85 % of the weight or more of 
organic electrolytic* solution ratios, 
hardening of a gel electrolyte was not 
fully completed. If the ionic conductivity 
of a gel electrolyte is governed by the 
electrolytic -solution ratio and an 
electrolytic- solution ratio falls, as shown 
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also in drawing, since conductivity will 
fall rapidly, an electrolytic-solution ratio 
has 50 desirable % of the weight or more, 
and its 80 or less % of the weight is 
desirable as a gel electrolyte which has a 
mechanical strength. Moreover, although 
viscosity is influenced by the mixed ratio 
of the monomer of resin, and oligomer, 
you may change in the range which does 
not have trouble in membrane formation. 
Furthermore, by adjusting the rate of a 
compounding ratio and thickness of a gel 
electrolyte, it becomes possible to change 
cell internal resistance and to change the 
short-circuit current of a cell, without 
changing an electrode surface, structure, 
etc., and can consider as a design safe 
also at the time of an external short 
circuit. 

[0031] It has checked that it could 
prevent that a dendrite -like lithium 
penetrates a separator and an internal 
short circuit occurs from the above result 
by using the separator of the structure 
filled up with the detailed hole of the 
olefin system resin separator of the 
porosity thin film of this invention with 
the ion conductivity gel electrolyte. 
[0032] In addition, although the coin 
mold cell was used in this example, the 
separator of this invention which unified 
the gel electrolyte has sufficient 
flexibility and sufficient thinness, and it 
is also possible to use for the cylindrical 
shape cell which wound the group of 
electrode. Moreover, it is possible to use 



the thing except having used 
ultraviolet-rays hardening resin, the 
electrolytic solution, and positive active 
material by this example. 
[0033] 

[Effect of the Invention] The detailed hole 
of a separator was filled up with the ion 
conductivity gel electrolyte as mentioned 
above, and the dendrite-like lithium 
which deposits in a lithium negative 
electrode at the time of charge penetrated 
the separator, and it has prevented 
carrying out an internal short circuit. 
Moreover, it is also possible by controlling 
the rate of a compounding ratio of a gel 
electrolyte, thickness, etc. to become 
possible to control the internal resistance 
of a cell and to make a short-circuit 
current small. 

[0034] Consequently, the lithium 
secondary battery which was excellent in 
the dependability and the safety which 
an internal short circuit does not 
generate in the charge-and-discharge 
cycle can be obtained. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll Type section drawing of the 
separator of this invention 
[Drawing 2] Type section drawing 
showing other examples of the separator 
of this invention 

[Drawing 3] The sectional view of a coin 
mold lithium secondary battery 



- 10- 



JP07-220761A 



[Drawin g 4l Charge -and "discharge 
cycle-life property drawing of a cell 
[Drawing 5] Drawing showing the 
relation between the ratio of the organic 
electrolytic solution of a gel electrolyte, 
and ionic conductivity 
[Description of Notations] 

1 Polyethylene Film 

2 Gel Electrolyte 

3 Positive Electrode 

4 Case 

5 Separator 

6 Negative Electrode 

7 Obturation Plate 

8 Gasket 
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m%<Dmmn.MWib 2 0-5 o**%o**Ms«!!fl5»ji 
t * sit** 4 fa«to««««m y c A-&m 

y^^A^tcfiy^^^-a-^SrS^if t-r 
ssrtfw«HL7ty^-CA-?fc«?fi-cs>oT, ttriE-fe/-' 

[ If #)£ 7 ] -f * vfiiWtyA^BIHt * 5 » 5 0-801 
t%e>mmn.MWit 2 o~5 0M*%©##l*WbWJB 

* a> b 4 sif 6 fEift(o««i««i«[ y 9- * a-&h; 

tgflsffi Sr 7 y *»JK-C a L it # 7 Sr^L 

-C £ RB#t L T ftfrf&ntJB Sr«fl: $ 5 t J: 9 . 

&&b 4 *W*Kb Sr— (Wfc* 

* -5 ii fc* tf w t & t -r a mmmmm y 7 a - 



(2)/ 

10 [000 1] 

■ A*AtAag*KJ: i-<5#*wwk y t? * - &«» 

[ 0 0 0 2 1 1 

zo [0 0 0 3] Ld>Ltttft>. 3ESiaotAaii:SfiU 
i R^-T S «> t-*fe^S ^M^K $ ^T^itto 

4V»y ^^A^^^-f-S (R. Selim and Bro, J. Electroc 
hem. Soc, 121, 1457 (1974) ttZ) Z. b £. i K> . y 5 1 * 

K9-f hWcj&ftLfcy^Aas-tr/-^— ^SrWJlUT 
30 [0 0 0 4] r>'K7'f h4K<£>y 3 L $J»V>$££.ttftm.% 

[00 0 5] r.O'raJHS:»ft:i"5fc«>fc» ffiffiO>g:gB*» 
feW^iji&=S:BJ5±i-5#ai U-C, - 1 2 9 6 7 

5„ *7t, #^¥4-5 1 4 7 3-g^«Jw»4IE«OJBH 
so [000 6] U^L4* 5 "b. ±fEK»^&SrffiV^5 - b\Z 
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[0 0 0 7] $ fete, ftWl- 3 1 9 2 5 ,0-5§-4*$8l£ 
I*. 3ES*3H*IIKPaS"fc'< v- 9 *: jra-f-5 r. i £rB$Jk 

#W2-1 6 2 6 5 1§ 

y * y * A*4t ©fiDStt-^WrtWSMC* if© 

j»-CIBI«**)5. *B^fF5, 2 8 1, 4 9 1 ■frflJtfR 

[0 0 0 8] /"Kyv-l^Rfli^ WitfWT 

2-2 9 1 6 7 3#^#^iflrfS«$ixTt''-5 J; 5t-v 

-T 5 ^ b iz «fc 9 , -f ^^ttfcJRaAfcafc AT* 5 i 

[ooo9] ««wo«*»3MC«r*laiii- 

H^P^TV^. 4#Bfi¥4-3 6 9 5 9 

£r^fH£$g^ 5-5 00 8 80 -§^$gfc if) 

*£jKy^-*WJr©*ffi#4^fc!^Ufci,\ i&lcft 

jjsittfr L ft w * t ^ 5 ma i s ;fe 5 „ 
[0 0 10] 

JWHfclwfiMoT^ftv.. 
[0011] J: 3 *fffljB^i«:«Bfci-5 t>© 

[0012] 

fc»fc**w©**«#»y** y^* 



4 

ti-zmmt. jmmmmt. -t;<u—?t 

M b -f -5 1> © -? *> o T h & v \ 

io [ oo i 3] *7t, jHKS^T*&au-c**tt«::rf- 

5 -fe'< u— * g*t©-vf 9 d jK— 7 * ft TL Sr-f ^->-e^ 
t0 0 14l Sfc, *»«Ot/<i — ^OMifjfel*, % 

*W&b-lrZ> 0 

[0015] ^/Hbofc«>o«rjffi*mi utii, <fr«tm 

«rfi-&> ®{k$-erS^ttcJ:9, -fe^i — ^SWi-C^ 
[0016] #*&t8MfcWffi£ J: 9 1 0 O ^ m«T©I 

jKtt**ts'riiv aKy^uwjiifowBrsEttw 

40 [0017] #ffiStt5?JT-iag U*^BRzKtt"fe/<w-* 
[0018] 
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^m?tfe &tt#-r s r t & t a z . 

[0 0 19] 

[0 0 2 0] t/^-^BtiLT, ?LiO. 27m 
nu 2^*6 0%, J¥3 2 0~2 2 m m©8fcJU4#yjc 
f-u^y 4 (-tArtf— Y\ K8 7 8) SrfflV>fc. 

[0021] 

m^fS t #4MftBMfc8MB t SrSSJt 8 0:20 Tzg-g- U 

hiin^-H"*— hi£#«it5 0 : 5 0©ffl-& 
Tifcfl-LfcafiWfltfc, ^fl¥SCi LTiMUllIfty*-** 
L i C 1 0 4 & 1 *^/dm 3 *»Ufct>0-Cfc5. *^ 

meukmntt. ffemwut y x-y**o* y t » 

jKya^i^jj-^lNf Kfrfrfefc L-M^fdT'^ y u- h 
h £ft*J£5 0 : 5 0 <Dm&X'&-k 

u $ fewta-s-MttSHS: 1 . 0 w t %ramifc 

tUt, ±l2©jKy ^isi/y^/i,^;^* 
v3&#BfiH4JW©jKy i^u-v^y a— /UTA^/v^— 
r;K-M Lit*, r©7^/uA 
fcffjfE©jg-gH££ 2. 5Ml/cm 2 i&5.£5 ' 

T0i i^-f «t 5 # y 31^- u>7 /vi>, 1 <omw^ 

[0 0 2 2] -tLT, Ji<y ifl/V7-fA-Ai, -?:<07L 

[0 0 2 3] -ir^u-^SWi: Lt> tfy:/nt* 

U-VS<DJi:^.2 5 /inu SiO. 1 2 5./im. SS0. 
0 5 iim©«R7L*r*i-52S?L*3 8%©«#?LB!-fe/< 
^ (-feA^tf— h\ 2 4 0 0) SrJBi^S. ^^Sr7"7 
X-rfiMWS* (B^S> EP4 7 5 9) *m^XM 
2f2 0 0Pa J£iT©S^#H«T-e 5 ^wtta-r 5 r 

Uf, -fe^u— * a — ^SWiftrfE 

u—^&flsjSLfc. -wfc^u— ^£b ti"5o 
[0 0 2 4] ir^u- ^Stti LT, jKy^u- 

ySW2 5/im, **?L*£0. 0 3 £?UP3 



(4)- ' 

m^K^Sr^ bfcir/^u— 9<r>W-Wi3fa 3 0 ji m-Cfe 

[0 0 2 5] WcJfcRWtUT. KkJUtaKy^w^O 
u— *£d _hlE*^^lc 
10 J;5t^i/- * a , b, c , tfctfcOft^'^-'" 5 1- — 9 d Sr^: 

A, B, CJ3J:VDS:«J*U-CttlB«rJfctSEU*:. 
[0 0 2 6] H3»CfcV>-C. 3f±IE@T?£> «9 % 4 0 0"C 

fiit9 0 : 5 : 5 (Dm^X-feS U BSl 4. 2 mmW- 

5i±-fe^-«u— ^tffc5„ 6 fi^es^K^^M y 

t 1, 2-v 5 ^ h^f-^ai^VtSrfrStJtS 0 : 5 0 <DfiJ 
-g-CS-a- Lfc&frJgfllE£iBtt*Hfc y ^ 17 ^. 1 d 

[00 2 7] ±E«3«*A, B, C, ftiVDKol^ 
T, ^Em^»Sl. 8mA, ^*5. 4mAh©^HI 

2. 0V) *-^T*t\ ^(Dl^^mAKT^ Lfc„ 
[0 0 2 8] *%K«0fl?feA, B, Cf4Vvf;h,fc> itU 

u-9 mu &&m-tz w t \z J: 0 , -fe ^ i^-^Sfe. 

fcjra-r* - 1 Jw i 5 rtanR'>«a»*R» <* ^ t , 

[0 0 2 9] m«lB, Cte*SV*Tt>, MDiO 

[0 0 3 0] *SUiS0iJtfflV^fcy/V'«»K-O*ai 
«WKfc*S^»WJd»IBi:©E'frifc*t:SC'fkS-e-» 2 5 

so s muter)* ;-7—t*v ^-^—com^it^ 
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[0031] «±©a*A»e>, *£9ia£?Ljt*ff0*- 

/MWWtte J: 9 3t* Lfc*J6©-fc'< u-* fcffii^S ^ t 
[0 0 3 2] J5t*5, ^sotw-etta-f >-a«A*««r^fc 

© SrJH if * S r. t » pliETfc 5. 
[0 0 3 3] 



»js8t«r«»-t-5 z. t &*im tun. Hmmm*** < 

[0 0 3 4] 3t»«*-f ^A^ + K:rt»fi»as 

[B9S©ffi¥4HR91] 

[Ell] *«W©-fc/<u— *o«S0ffa5BB 
[El 2,] U'—*fl!)tto«S:a%i-«*»rffiia 
[SI 3] 3^yayf>A-w»o(fffiH 
- [69 4] «»©jte»**-f^A**»fifeia 

[E3 5 ] y*mK0#ttWKffic!>Jtap £ W ^GH** 

1 jtfy ifVy7-f A' A 

2 y/HMHr 

3 
4 
5 

6 

7 ttnfi 

8 tf^-Jryh 



[Ell] 



[El 2] 



[®3] 



4— fen'L-9 

5— TOUtgfS" 




8 



aw 



0X1 
& 4.0 



[04] 



T 



i 




[i5] 




40 50 €0 70 



